Abstract -The object of this paper is to study a new control structure for sensorless induction machine dedicated to electrical drives using a five-level voltage source inverter (VSI). The output voltages of the threelevel VSI can be represented by four groups : the zero voltage vectors, the small voltage vectors, the middle voltage vectors and the large voltage vectors in (d , q) plane. Then, the amplitude and the rotating velocity of the flux vector can be controlled freely. Both fast torque and optimal switching logic can be obtained. The selection is based on the value of the stator flux and the torque. This paper investigates a new control structure using a five-level voltage source inverter. Compared to classical Field Oriented Control (FOC), which necessitates generally three feedback loops with PI regulators, a current-regulated PWM converter, and two coordinate transformations, Direct Torque Control (DTC) uses only a couple of hysteresis comparators to perform both torque and flux dynamic control. Both approaches are simulated for a induction motor. The results obtained with a novel DTC structure show superior performances over the FOC one without need to any mechanical sensor.
Introduction
The rapid development of the capacity and switching frequency of the power semiconductor devices and the continuous advance of the power electronics technology have made many changes in static power converter systems and industrial motor drive areas. The conventional GTO inverters have limitation of their dc-link voltage. Hence, the series connections of the existing GTO thyristors have been essential in realizing high voltage and large capacity inverter configurations with the dc-link voltage [1] . The vector control of induction motor drive has made it possible to be used in applications requiring fast torque control such as traction [2] . In a perfect field oriented control, the decoupling characteristics of the flux and torque are affected highly by the parameter variation in the machine. This paper describes a control scheme for direct torque and flux control of induction machines fed by a five-level inverter using a switching table. In this method, the output voltage is selected and applied sequentially to the machine through a look -up table so that the flux is kept constant and the torque is controlled by the rotating speed of the stator flux. The direct torque control (DTC) is one of the actively researched control scheme which is based on the decoupled control of flux and torque providing a very quick and robust response with a simple control construction in ac drives [3] , [4] .
Three-Level Inverter Topology
and The NPC Voltage Source Fig . 1 shows the schematic diagram of neutral point clamped (NPC) three-level VSI. Each phase of this inverter consists of two clamping diodes, four GTO thyristors and four freewheeling diodes. Table.1 shows the switching states of this inverter. Since three kinds of switching states exist in each phase, a three level inverter has 27 switching states. 
Fig. 1 : Schematic diagram of a three-level GTO inverter

Induction Machine
Torque control of an asynchronous motor can be achieved on the basis of its model developed in a two axes (d , q) reference frame stationary with the stator winding. In this reference frame and with conventional notations, the electrical mode is described by the following equations:
The mechanical mode associated to the rotor motion is described by :
and em Γ are respectively the load torque and the electromagnetic torque developed by the machine.
Stator Flux and Torque Estimation
Basically, DTC schemes require the estimation of the stator flux and torque. The stator flux evaluation can be carried out by different techniques depending on whether the rotor angular speed or (position) is measured or not. For sensorless application, the "voltage model" is usually employed. The stator flux can be evaluated by integrating from the stator voltage equation.
This method is very simple requiring the knowledge of the stator resistance only. The effect of an error in Rs is usually quite negligible at high excitation frequency but becomes more serious as the frequency approaches zero [5] .
Considering the combination of states of switching functions Su, Sv, Sw. Fig.2 shows the adequate voltage vector selection we can increase or decrease the stator flux amplitude and phase to obtain the required performances. The electric torque is estimated from the flux and current information as [2] :
Principle Of Direct Torque Control
Using A Three-Level Inverter 
And quantified into 6 levels depending on which sector the flux vector falls into. Different switching strategies can be employed to control the torque according to whether the flux has to be reduced or increased. Each strategy affect the drive behavior in terms of torque and current ripple, switching frequency and two or four-quadrant operation capability. Assuming the voltage drop R s i s small, the head of the stator flux ϕ S moves in the direction of stator voltage V s at a speed proportional to the magnitude of V s according to
The switching configuration is made step by step, in order to maintain the stator flux and torque within limits of two hysteresis bands. Where T e is the period in which the voltage vector is applied to stator winding. Selecting step by step the voltage vector appropriately, it is then possible to drive ϕ s along a prefixed track curve.
Assuming the stator flux vector lying in the k-th sector (k=1,2,3,4,5,6) of the (d , q) plane, in the case of three-level inverter, to improve the dynamic performance of DTC at low speed and to allow fourquadrant operation, it is necessary to involve the voltage vectors V K-1 and V K-2 in torque and flux control. In the following, V K-1 and V K-2 will be denoted "backward" voltage vectors in contraposition to "forward" voltage vectors utilised to denote V K+1 and V K+2 . A simple strategy which makes use of these voltage vectors is shown in table.2. The conventional DTC has been studied. For flux control, let the variable E ϕ (E ϕ =ϕ s * -ϕ s ) be located in one of the three regions fixed by the contraints:
The switable flux level is then bounded by E ϕ min and E ϕmax . The flux control is made by two-level hysteresis comparator. Three regions for flux location are noted, flux as in fuzzy control schemes, by E ϕn (negative), E ϕz (zero) and E ϕp (positive). A high level performance torque control is required. To improve the torque control let of the mismacth E Γ ( E Γ = Γ em * -Γ e ) to belong to one of the seven regions defined by the contraints :
The seven regions defined for torque location are also noted , as in fuzzy control schemes, by E Γnl (negative large), E Γnm (negative medium), E Γns (negative small), E Γz (zero), E Γps (positve small), E Γpm (positve medium) and E Γpl (positve large). The torque is then controlled by an hysteresis comparator built with three lower bounds and three upper known bounds.
Switching Strategy
The switching strategy in the order of the sector θs, is illustrate by each tables. The flux and torque control by vector voltage has in nature a desecrate behavior. In fact, we can easily verify that the same vector could be adequate for a set of value of θ s . the number of sectors should be as large as possible to have an adequate decision. For this reason, we propose a new approach for direct torque control using a three-level inverter based on twelve regular sectors noted by θ 1 to θ 12 . 
The Simulation Results
The validity of the proposed DTC algorithm for five-level voltage source inverter is proved by the simulation results using Matlab-Simulink. The parameters of motors are given in the Appendix. The used flux and torque emismathes for the approach are expressed in percent with respect to th flux and torque reference values. E ϕ max = 3% , E ϕ min = -3% . E Γmin1 = -3% , E Γmin2 = -2.8% , E Γmin3 = -2.6% , E Γmin4 = -2.25% , E Γmin5 = -1.5% , E Γmin6 = -0.95% , E Γmax1 =0.95% , E Γmax2 = 1.5% , E Γmax3 = 2.25% , E Γmax4 = 2.6% , E Γmax5 = 2.8% , E Γmax6 = 3%.
In the case of a three level-inverter : E ϕ max = 3% , E ϕ min = -3% . E Γmin1 = -0.8% , E Γmin2 = -3% , E Γmax1 = 0.8% , E Γmax2 = 3%. However, the machine has been supposed to run at load.
The simulation results illustrates both the steady state and the transient performance of the proposed torque control scheme. The wave form of the stator current is closed to a sinusoidal signal. The trajectory of the flux in the case of the new approach, (five level control), is nearly a circle compared to the flux response in the conventional DTC, (three level control), and fast torque is obtained. Fig.6 shows the phase current and flux for steady state operation and transient régime at 9 N.m with 0.9 Wb. The wave form of the stator current is closed to a sinusoidal signal, The phase current generated by the five-level inverter have low harmonic components and low torque ripple is observed in the fig.7 . The trajectory of the flux in the case of the new approach is nearly a circle and answers more quickly compared to the flux response in the conventional DTC. Fig.8 shows the torque reverse response from + 9 N.m to -9 N.m and flux for 0.9 Wb. The output torque reaches the new reference torque in about 8 ms, fast torque response is obtained. From this analysis high dynamic performance, good stability and precision are achieved. 
Conclusion
The direct torque control DTC was introduced to give a fast and good dynamic torque and can be considered as an alternative to the field oriented control FOC technique. Two problems usually associated with DTC drives which are based on hysteresis comparators are: variable switching frequency and inaccurate stator flux estimation which can degrade the drive performance. The effect of proposed method has been proven by simulations. It is concluded that the proposed control produces better results for transient state operation and steady state then the conventional control.
In this paper, a DTC systems using five-level GTO voltage source inverter is presented it is suitable for high-power and high-voltage applications. We enhance the DTC approach by introducing two multi-level hysteresis comparators for flux and torque control. 
